Introduction
Simple hepatic cysts are congenital liver diseases. They are usually found incidentally during radiographic examinations conducted for other purposes. In most cases they are asymptomatic, and no treatment is required. However, the clinical manifestations of liver cysts occasionally include compression of the liver parenchyma with jaundice, portal hypertension, abdominal pain, hemorrhage and rupture. These symptomatic cysts can be an indication for treatment. Major treatment options include ultrasound-guided aspiration and laparoscopic deroofing. Previous reports have shown that simple aspiration can be associated with a high recurrence rate [1] [2] [3] . Therefore, deroofing of hepatic cysts is the most popular surgical procedure. Before the introduction of laparoscopic surgery, open deroofing was regarded to be the standard method to treat symptomatic liver cysts. With the development of surgical devices and skills, laparoscopic deroofing has produced better results with minimal invasion. Recently, the use of single-incision laparoscopic surgery [4] has been applied to hepatobiliary and digestive surgery. Although it is a technically demanding procedure, its clinical benefits, related to less invasiveness, far outweigh its disadvantages.
This report presents the case of a large hepatic cyst with intrahepatic obstructive jaundice that was successfully treated with single-incision laparoscopic deroofing.
Case Report
A 72-year-old female patient was referred to our hospital due to right upper abdominal pain. Physical examination performed on admission revealed mild tenderness in the right epigastrium. Laboratory data revealed a serum bilirubin level of 1.6 mg/dl, an aspartate aminotransferase level of 226 IU/l, an alanine aminotransferase level of 164 IU/l and an alkaline phosphate level of 1,062 IU/l. A computed tomography (CT) scan disclosed two large hepatic cysts at segment 4 measuring 86 × 112 × 115 mm ( fig. 1a ) and 39 × 45 × 40 mm ( fig. 1b ), respectively. In addition, the intrahepatic bile ducts were slightly dilated due to compression of the hepatic hilum. Magnetic resonance cholangiopancreatography (MRCP) also showed intrahepatic duct dilatation ( fig. 2 ), although no communications between the cysts and the intrahepatic bile ducts were detected. Based on these findings, the provisional diagnosis was a symptomatic large hepatic cyst with compression of the intrahepatic bile duct. The patient was scheduled to undergo laparoscopic deroofing.
The patient was placed in the supine position and an entry hole into the abdomen was created using an umbilical incision (25 mm). The EZ ACCESS TM oval type (Hakko Co. Ltd.; fig.  3 ) was placed at the umbilicus using a 25-mm incision as an access port with two 5-mm trocars. An additional 12-mm port was placed at the left epigastric region ( fig. 4 ). Cysts were detected in liver segment 4. A small incision was made in the cyst using an ultrasonically activated device, and serous fluid was evacuated. A vessel sealing system (Ligasure; Covidien, Mansfield, Mass., USA) was then used to excise the cyst wall. A thick peripheral bile duct was identified and clipped.
The patient's postoperative course was uneventful, and she was discharged on postoperative day 8. The pathological findings revealed a solitary cyst without malignant transformation. Four months after surgery, no recurrent symptoms were observed and liver regeneration was detected on abdominal CT. The regeneration volume of the liver was 153 cm 3 ( fig. 5 ).
Discussion
Hepatic cysts are common liver diseases. Generally, they are asymptomatic without the need for treatment such as percutaneous drainage or surgery. The reported symptoms of liver cysts include jaundice, pain and cyst rupture due to compression of adjacent structures. Cysts are often found incidentally during radiologic examinations. CT and magnetic resonance imaging are useful for precisely diagnosing hepatic cysts and planning surgical treatment. In particular, MRCP is helpful for confirming the conditions of biliary compression in cases of obstructive jaundice. MRCP can also be used to assess communications between the lesion and the intrahepatic bile ducts. However, the efficacy of such modalities remains unknown [5] .
Symptomatic cysts can be an indication for surgical intervention. Treatment of hepatic cysts can be divided into two categories: percutaneous aspiration and surgical procedures. Percutaneous aspiration can be used to quickly relieve the patient's symptoms. However, previous reports have shown that simple aspiration is associated with a high recurrence rate of 75-100% [1] [2] [3] . In addition, percutaneous aspiration can cause leakage of cyst fluid, deviation of the drainage tube and adhesion between the cyst and the peritoneum, which can become an obstacle during surgery. Compared with the percutaneous approach, surgical procedures have a benefit in terms of postoperative recurrence. Currently, deroofing of hepatic cysts, first described by Lin et al. in 1968 [6] , is the most popular surgical procedure. Before the introduction of laparoscopic surgery, open deroofing was regarded to be the standard method of treating symptomatic liver cysts. With developments in surgical devices and skills, laparoscopic deroofing has come to produce preferable results with minimal invasion. Qiu et al. [7] reported that the short-term outcomes of laparoscopic deroofing are superior to open methods with respect to postoperative complications and cyst recurrence rates.
Recently, the use of single-incision laparoscopic surgery, as reported by Navarra et al. [4] , has been applied to the liver, colon and pancreas. Initially, standard laparoscopic deroofing was usually performed with four trocars [8] . In our case, the access port was placed at the umbilicus through a 25-mm incision. The umbilical scar eventually became invisible ( fig. 6 ). We used a 12-mm trocar at the left epigastric region from the beginning in order to manage unexpected events during surgery, for example bleeding or injury to the exposed peripheral bile ducts. While cosmetic advantages are important for patients, adequate consideration should be given to secure the safety of the surgical procedure. To prevent surgical complications such as bile duct injury and hemorrhage, clinicians should perform adequate management and use of devices. If the presence of an exposed peripheral bile duct on the surface of the lumen is confirmed, clipping of the bile duct should be performed to prevent postoperative bile leakage ( fig. 7) .
To prevent postoperative recurrence of cysts, performing complete deroofing is essential. In order to completely excise the cyst wall in this case, we used the Ligasure, which exhibits better sealing effects than ultrasonic shears. Devices such as the Ligasure are useful for achieving hemostasis, and appropriate selection of devices is related to safe and effective procedures. In cases of cysts located in S7 and S8 or near the left subphrenic area, deroofing of the cysts with mobilization of the right liver lobe and proper omentum placement are important for preventing 'adhesive' cyst recurrence. The cyst edge can adhere to surrounding tissue and become fixed, leading to loss of movement around the diaphragm or peritoneum in the absence of mobilization.
In our case, the liver volume was increased and the original cyst cavity was found to be replaced by normal hepatic parenchyma on postoperative CT ( fig. 5 ). We have previously reported that such liver regeneration can be observed following deroofing of large liver cysts in response to the loss of occupied space in the absence of shear stress [9, 10] . In the future, newly developed devices, as well as robotic surgery, may further facilitate the use of reduced port surgery for treating hepatic cysts.
Conclusion
Reduced port surgery, including single-incision laparoscopic deroofing, is believed to contribute to improving the quality of life of patients and should be considered a standard treatment for patients with symptomatic hepatic cysts.
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